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Vitamin A and its derivatives (retinoids) have both 
profound effects on epidermal differentiation and ben-
eficial therapeutic effects in various dermatologic dis-
eases. In order to understand these effects, much work 
has been done with cultured keratinocytes, which show 
specific morphologic, cellular, and biochemical changes 
modulated by retinoids. In an attempt to further define 
specific molecular effects of retinoids in cultured human 
keratinocytes, we studied the expression of pemphigus 
(P) and pemphigoid (BP) antigens by human keratino-
cytes cultured with retinoic acid (RA) in concentrations 
which modulated differentiation. Cultures of human ke-
ratinocytes in medium with 10% delipidized fetal bovine 
serum (vitamin A-depleted medium) demonstrated areas 
of extensive differentiation with flattened stratifying 
cells, keratohyaline granules, and an anucleate stratum 
corneum-like superficial layer. These cells also synthe-
sized a 67 kd keratin, characteristic of well-differen-
tiated epidermis. In contrast, cultures of human kerati-
nocytes in the same medium supplemented with (10-7 M, 
3 x 10-7 M, or Io-n M) RA demonstrated less differen-
tiated small cuboidal cells that were stratified but did 
not form an anucleate layer or keratohyaline granules, 
and did not synthesize the 67 kd keratin. In order to 
detect P and BP antigens in these cultures, we used 
indirect immunofluorescence. In vitamin A-depleted 
cultures, P antigen either was not dectected or was seen 
focally on the cell surface of basal cells. BP antigen was 
seen on the basal pole of the basal cells, approximating 
its in vivo location. In RA-treated cells, P antigen was 
seen on the cell surface of most of the cells, and BP 
antigen was seen throughout the cytoplasm of the basal 
cells. In order to study the expression of newly synthe-
sized antigens, we radiolabeled cultures with •·•c-amino 
acids and quantitatively immunoprecipitated the anti-
gens, which were then identified by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis. We detected 
a major decrease in newly synthesized P antigen precip-
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itated from extracts of vitamin A-depleted cells com-
pared to RA-supplemented cells, whereas amounts of 
newly synthesized BP antigen were about the same. 
Taken together these data demonstrate that RA, at con-
centrations that decrease differentiation of cultured hu-
man keratinocytes, increases the expression of P antigen 
and changes the subcellular location of BP antigen. 
Pemphigus (P) and bullous pemphigoid (BP) are autoim-
mune diseases in which ant ibodies are produced against normal 
epidermal ant igens. P antigen is a cell surface component and 
BP antigen is a basement membrane component; both antigens 
are found in normal stratified squamous epithelia, but not in 
most other t issues [1] . The in teraction of antibodies with these 
antigens triggers the pathology (blister formation) in these 
diseases [2]. 
Understanding t he natu re of t hese antigens should prove 
important in understanding the molecular basis of t hese dis -
eases, as well as the normal physiology of the epidermis. We 
have investigated this problem using keratinocyte cell cul ture 
systems, in which t hese ant igens are synt hesized [3-7). BP 
antigen has been shown to be synthesized in cul ture as a high-
molecular-weight protein which, when reduced, has chains of 
approximately 220-240 kd (4,6}. BP ant ige n is distinct from 
other basement membrane zone proteins of similar molecular 
weight, such as fibronectin and la minin [4,5]. Furthermore, the 
antigen found in cell culture is s imilar in molecular weight to 
t he antigen t hat can be extracted directly from normal human 
skin [6] . Similar cell culture studies done with P antibodies 
indicate t hat most, but not a ll , pemphigus antibodies bind a 
glycoprotein with a chain of approximately 130 kd, when re-
duced [7] . * The expression of these antigens may be re lated to 
different iation since, in cell culture, calcium modulates t heir 
synthesis [8). In low-calcium medium (.07 mM ), epidermal cell s 
grow as a proliferat ing monolayer and synt hesize BP an t igen 
but not P antigen, whereas in high-calcium medium (1.2 mM) 
epidermal cells stratify and terminally differentiate, and syn-
thesize P antigen but markedly decrease or cease synthesis of 
BP antigen. These studies suggested that the expression of P 
and BP antigens might be modulated by agents that affect 
keratinocyte diffe rent iation. 
Vitamin A and its derivatives (retinoids) exert profound 
effects on keratinocyte different iation both in vivo and in vitro 
[9- 12). In order to understand more about t he influence of 
retinoids on keratinocyte and about their possible modulation 
of P a nd BP antige ns, we sought, in t hi s study, to determine 
whether ret inoic acid (RA), at concentrations t hat affect dif-
ferentiation in human epiderma l cell culture, also affect expres-
sion of P a nd BP antigens. We found t hat RA has effects on 
the subcellular dist ribut ion of BP ant igen and on t he expression 
of P antigen , but in contrast to the findings wi th ca lcium-
induced epidermal different iation, t here was decreased P ant i-
gen expression in cell cultures induced to di ffe rent iate by t he 
removal of ret inoids from t he cul ture medium. 
* In this paper we will refer to this glycoprotein asP antigen. 
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MATERIALS AND METHODS 
Sera and Antibodies 
P sera were from patients with pemphigus vulgaris. By indirect 
immunofluorescence, these sera bound to cryostat sections of normal 
human skin t hroughout the epidermis in a cell surface pattern, at t iters 
of greater than 80. BP sera bound to cryostat sections of skin at the 
epidermal basement membrane zone, with t ite rs of greater than 80. 
Affinity purified antibodies to laminin have been characterized previ-
ously [13]. Laminin is a basement membrane glycoprotein [14] synthe-
sized by epidermal cells in culture [5]. and was used in immunopreci-
pitation experiments as a control- namely another specific glycopro-
tein to compare with P and BP antigens. 
Epidermal Cell Culture 
Cultures of human epidermal ce lls derived from t rypsinized neonatal 
foreskins [15] were established on lethally irradiated 3T3 cells in 
Dulbecco's modified Eagle's medium (DMEM) supplemented with 0.4 
JJg/ml hydrocortisone, 10-10 M cholera tox in (Sigma, St. Louis, Mis-
souri), 15 JJg/ml epidermal growth factor (Sigma), 5 ,ug/ml bovine 
insulin (Sigma), 5 JJg/ml human t ransferrin (Sigma), and 10% fetal 
bovi ne serum (FBS) [16,17]. ln order to grow cells in t he absence of 
vitam in A, FBS was delipidized using acetone-ethanol-ether solvent 
extraction according to the method of Rothblat et al [18]. as suggested 
by Fuchs and Green [17] . After small colonies (approximately 25-50 
cells) of keratinocytes were observed in primary culture, the medium 
was switched so that it contained 10% de lipidized FBS with or without 
added RA (Sigma). RA stock solutions were made in dimethylsulfoxide, 
and the same amount of dimethylsulfoxide (0.1 %) was added to a ll 
cultures. For histology and immunofluorescence, t he cells were de-
tached either by phosphate-buffered saline (PBS) containing 1 mM 
EDTA or by the use of 1.2 U/ml of Dispase II (Boehringer Mannheim, 
Indianapolis, Indiana) in DMEM [19]. Tissue for histology was fixed 
in 10% neutral buffered formalin , embedded in paraffin, and stained 
with hematoxylin and eosin. 
All experiments were performed using confluent primary or first -
passage cultures. Conditions of vitamin A depletion or RA supplemen-
tation were maintained for at least 1 week before experiments were 
performed, as this was the minimum length of t ime necessa ry to see 
the described morphologic effects of RA on the cultures. During the 
growth of these keratinocyte colonies, t he 3T3 cells were pushed aside 
and became necrotic, so t hat at confluence, when experiments were 
performed, 3T3 cells were no longer visible. 
Indirect I rnmunoflu.orescence 
In order to detect P and BP antigens in these keratinocyte cultures, 
we used indirect immuno!luorescence. Detached cell sheets were em-
bedded and frozen in T issue Tek II O.C.T. (Lab Tek Products, Naper-
ville, Illinois) and 6-JJm sections were processed for immunofluores-
cence as previously described [13]. Three P and 3 BP sera were used 
at dilutions of 1:5, 1:10, 1:20; 2 normal human sera, at s imilar dilu t ions, 
were used as controls. Fluoresceinated goat-antihuman IgG (Cappel 
Laboratories, Cochranvi lle, Pennsylvania) was used to detect bound 
antibody. 
l?adiolabeling an.d Extraction of Cell Cultures 
To study newly synthesized proteins, we radiolabeled con!luent 
cultures for 18- 24 h with a mixture of "C-amino ac ids (New England 
Nuclear, Boston, Massachusetts). 25 ,uCi/ml , a nd then extracted the 
cell layer in situ with 0.5% Nonidet P -40 in 0.15 M NaCI , 0.01 M Tris-
HCI, pH 7.4 (TBS), as previously reported [4). This ce ll extract was 
used for immunoprecipitation experiments to ident ify P and BP anti-
gens, as we ll as lam inin . In order to identify keratin polypeptides, we 
washed the insoluble pellet (left after extraction with 0.5 % Nonidet P-
40) with 2% Non idet P -40 and 1 mM EDTA in TBS and then solubilized 
the keratins in t he pe llet with gel sample buffer (2% sodiu m dodecyl 
sulfate [SDS]. 0.01 M dithiothreito l, .0625 M Tris- 1-I CI, pl-1 6.8) [17] . 
Keratins were identified by SDS-polyacrylam ide gel electrophoresis 
(PAGE) [20 1 either by Coomassie Blue staining or by l1uorography 
[21,22]. 
lm.rnunoprecipitation 
In order to investigate whether RA modulates the expression of 
newly sy nthesized P and BP antigens, we immunoprecip ilated thesr 
antigens from radiolabeled extracts of ce ll culture by using previously 
described techniques in which antigen- antibody complexes were pre-
cip itated with protein A-bearing staphylococci (Pansorbin, Calbi-
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ochem-Behring, La Jolla, Californ ia) [4j. In each experiment shown, 
immunoprecipitations were performed starting with equal amounts of 
radioactivity from extracts of each cell cultu re, thereby comparing 
immunoprecipi tates derived from equal amounts of newly synthesized 
proteins. Immunoprecipitated antigens were ident ified using SDS-
PAGE [20] under reducing condit ions and l1uorography [21,22 ]. Rela-
t ive amoun ts of precipitated antigens were determined by densitometric 
scanning of the tluorographs (Quick Scan, Helena Laboratories, Beau-
mont, Texas) . To demonstrate that immunoprecipi tations of antigens 
were complete, we re-reacted supernatants of immunoprecipitates with 
an aliquot of t he same immune serum used in t he ini t ial immunopre-
cipitation. There was no detectable P or BP antigen left in t hese 
supernatants. We also performed immunoprecipitation experiments 
using the medium of t he radiolabeled cu ltured cells. The medium was 
removed from the ce ll layer, just before the cell laye r was extracted, 
and dialyzed to remove free coun ts. 
RESULTS 
Morphology of Keratinocytes Cultured with and without RA 
Keratinocytes cultured in the absence of vitamin A (delipi-
dized FBS without added RA) appeared distinctly different 
from keratinocytes cultured with added RA at 10- 7 M, 3 X 10- 7 
M, or 10-G M, as noted by Fuchs and Green [17] . By both phase 
contrast microscopy (Fig 1) and hematoxylin-eosin staining of 
cross-sections of sheets of cells released from the cuture dish 
with Dispase (Fig 2), vitamin A-depleted keratinocytes ap-
peared more differentiated than RA-supplemented cells. AI-
FIG 1. Phase contrast microscopy of vitamin A-depleted (A) and 
RA-supp lemented (B) human epidermal cell cultures. A, Vitamin A-
depleted cultures showed stratification of cells. In many areas, as shown 
here, flattened cells with thick cell outl ines were seen above smaller 
cells without clear margins. B, RA-supplemented (10- 7 M) cul tures 
demo nstrated small round cells with well -defined in tercellular spaces. 
(A,B X 240.) 
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FIG 2. Hematoxylin-eosin staining of cross-sections of human ker-
atinocyte cultures grown in vitamin A-depleted medium (A) or the 
same medium supplemented with RA at 10-7 M (B ), 3 X 10- 7 M (C), or 
10-6 M (D). Sheets of cells in culture were detached from the substrate 
with Dispase before ectioning. Vitamin A-depleted cells (A) show 
extensive djfferent iation wi th flattened ce lls, keratohyaline granules, 
and a nucleate cells in t he most superficia l laye r. RA-treated cu ltures 
(B, C, D) show cuboidal ce lls with intrace llula r vacuoles and widened 
intercellula r spaces. The stratification a nd thickness of the ce ll layer 
increased with increasing dose of RA. It should be noted t hat some of 
t he ce ll shape differences shown here may have ta ken place a fter the 
ce ll sheet was released by Dispase. (A - D , x 330.). 
t hough some of the cell shape changes in t he Dispase-released 
sheets may result only after Dispase releases cells from their 
substrate, it is evident t hat there is more extensive different ia-
tion in vitamin A-depleted cells compared to RA-supplemented 
cells. For example, vitamin A-depleted cells, in contrast to RA-
treated cells, showed areas wit h an anucleate stratum corneum-
like layer and keratohyaline granules. The identification of 
t hese granules was confirmed by indirect immunofluorescence 
wit h a monoclonal antibody directed against keratohyaline 
[23]. Another striking finding in vitamin A-depleted cul tu res 
was t he formation of numerous "blisters," localized areas (up 
to 5 mm in diameter) in which t he cell sheet became detached 
from the substrate (Fig 3). These "blisters" were not seen in 
cell s cul tured in the presence of RA. All t he ce lls in t hese 
detached areas appeared extensively differentiated- they were 
FIG 3. Gross morphology of vitamin A-depleted primary culture 
several days after reaching confluence. Round refractory areas a re 
"blisters," a reas of the ce ll sheet t hat have detached from the plastic 
tissue culture dish. (Tissue cul tu re dish is 100 mm in diameter.) 
large, fla ttened, and angulated with cytoplasmic granules and 
thick outlines, suggesting cornified envelopes. 
Keratin Synthesis by Keratinocytes Cultured with and without 
RA 
T o fur ther define t he state of differen tiation of our cul tures, 
we characterized the keratins synthesized by the keratinocytes 
(Fig 4). As described by Fuchs and Green [17], we found that 
keratinocytes grown in the absence of vitamin A synthesize a 
67 kd keratin , which is characteristic of a well-differentiated 
epidermis. In contrast, addition of as litt le as 10- 7 M RA in t he 
culture medium turns off the synthesis of the 67 kd keratin and 
induces t he synthesis of a 40 kd keratin as well as a 52 kd 
keratin. 
Thus, t hese studies confirm the morphologic impression t hat 
RA has extensive effects on the differentiation of these cultured 
keratinocytes. We next wanted to determine what effects RA 
had on t he expression of P and BP antigens. 
Expression of P and BP Antigen.> by Keratinocytes Cultured 
with and withou.t RA 
Indirect Immunofluorescence : Sheets of cells were detached 
from the substrate either by Dispase, PBS- EDT A, or scraping, 
and cross-sections of t hese sheets were examined by immuno-
flu orescence for t he presence of P or BP antigen. 
In RA-treated cul tures, P antigen was detected as a cell 
surface fluorescence of most of t he cells (Fig 5A ). In contrast, 
P ant igen was absent from many areas of the vitamin A-
depleted cell cultures, and, when present, was seen as a cell 
surface fluorescence mostly in t he basal layer (Fig 58). These 
studies suggested t hat there was a decrease in t he expression 
of immunoreactive P antige n in vitamin A-depleted cultures, 
especially in the more differentiated areas. 
BP antigen was seen by indirect immunofluorescence in both 
vitamin A-depleted and RA-treated cul t ures in the basal layer 
only. However, t he pattern was distinctly different in the two 
types of cul tures. In RA-treated cultures, BP antigen was seen 
mostly as a diffuse cytoplasmic fluorescence of basal cells (Fig 
6A ). On the other hand, in vitamin A-depleted cultures, in all 
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F IG 4. Keratins of vitamin A-depleted (-RA) and 10- 7 M RA-
supplemented (+RA) human epidermal cell cultures. Confluent cul-
tures were radiolabeled for 24 h wi th '"'C-amino acids, then keratins 
were extracted and identified on 7.5% SDS-PAGE, either with Coom-
assie Blue (tota l kera tins) or by fluorography (newly synthesized ker-
atins). A 67 kd keratin (arrowhead) is synthesized by vitam in A-
dep leted cells, bu t not by RA-supplemented cells. A 40 kd keratin (<) 
and a 52 kd keratin (arrows) are synthesized only when RA is added 
to the cul tures. 
areas where BP antigen was present, it was seen as a coarsely 
granular fluorescence at the basal pole of the basal cell (Fig 
68) . In areas that showed extensive differentiation (blister 
roofs), BP antigen was absent. Thus, these studies suggest that 
BP antigen is synthesized by cultures with or without added 
RA, but that the location of the antigen in vitamin A-depleted 
cultures more closely approximates its in vivo location (24] . 
Taken together, these data also suggest t hat BP antigen is a 
good marker for epidermal basal cells, but that P antigen is not 
simply a marker of increased epidermal differentiation . 
I mmunoprecipitation of N ewly Synthesized Antigens: In order 
to study newly synthesized antigens, we radiolabeled vitamin 
A-depleted or RA-supplemented cultures with '"C-amino acids, 
t hen extracted the cell layer and quantitatively immunoprecip-
itated the antigens from these extracts. Newly synthesized P 
ant igen was markedly decreased in a ll cell cultures grown in 
the absence of added RA compared to those grown with 10- 7 M 
or 3 x 10- 7 M RA (Fig 7, Table 1). P antigen, when labeled with 
'·'C-amino acids, was detected on reduced SDS-PAGE as a 130 
kd band (as previously reported using [ '"'C]glucosamine as the 
label [7]), and a doublet at approximately 80 kd (which is not 
well labeled wi t h [' ·'C]glucosamine [unpublished observation]). 
A dose-response experiment indicated a marked increase in P 
antigen expression in cells grown in 10- 7 M RA (compared with 
vitamin A-depleted cultures) , with a somewhat further increase 
with higher concentrations of RA (Table II) . 
In contrast to the findings with P antigen, newly synthesized 
BP antigen showed no consistent change in amount precipi-
tated from extracts of cell s cultured without RA compared to 
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F IG 5. lndir~ct immunofluorescence for pemphigus ant igen. A , Cells 
cu ltured in w-• M RA demonstra te a cell surface fluorescence on most 
of the cells. B, Ce lls cul tured in vitamin A-depleted medium either did 
not display any ce ll surface staining or, as shown here, stained focally 
on t. he cell su rfaces in the basal layer only. (A X 470; B X 380.) 
FIG 6. Indirect immunofluorescence for pemphigoid antigen. A, 
Cells cul tured in 10- 7 M RA demonstrated a diffuse cytoplasmic fluo-
rescence of the basal ce lls. B, Cells cultured in vitamin A-depleted 
medium demonstrated fluorescence on the basal pole of the basal cell s. 
(A X 240; B X 240.) 
those cu ltured with RA (Fig 7, Table I). Similarly, newly 
synthesized laminin, a noncollagenous glycoprotein of base-
ment membrane, was precipitated in approximately equal 
amounts from both types of cell cultures (Fig 7, Table I) . 
To rule out the possibility that the levels of expression of 
these antigens in the cell layer of these cultures was due to an 
effect of RA on shedding of antigens into the cell cul ture 
medium, we attempted to immunoprecipitate P and BP anti-
gens from the radiolabeled medium of these cells. No antigen 
was detected in the medium, which suggests that these antigens 
are not significantly shed from the cell layer. 
DISCUSSION 
These studies demonstrate that the expression of P and BP 
antigens by cultured human keratinocytes is modulated by RA 
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F IG 7. Immunoprecipi tation of newly synthesized P and BP anti-
gens and laminin (LM) from extracts of '·'C-amino ac id-labeled human 
epidermal cells cultured in vitamin A-depleted (- RA) and 3 x 1 o-7 M 
RA-supplemented medium. Equal amounts of radioactivity were used 
for each immunoprecipitation. Ant igens are identified by fluorography 
on 6% SDS-PAGE, using reducing conditions. The amount of precipi -
tated P antigen was markedly reduced in vitamin A-depleted cells, 
whereas the amounts of BP antigen and LM were similar compared to 
the RA-supplemented cells. N indicates normal human serum and SG 
indicates sheep lgG, used as controls for BP and P sera, and purified 
sheep ant ibodies to LM, respectively. Relative migration of P antigen, 
BP antigen, and LM are indicated by closed arrowheads, open a.rrow-
head, and arrows, respectively. 
TABLE I. Effect of retinoic acid on P antigen, BP antigen, and 
laminin expression by cultured human epidermal cells 
Relative amounts of antigen 
Type of Amount o f - RA/+RA ratio" 
culture RA used 
PV BP Laminin 
P rimary w-7 M .22 .68 .68 
Secondary w-7 M .26 .88 1.2 
Secondary 3 X 10- 7 M .19 1.2 .78 
.14" 1.4b 
a Based on densitometric scanning of fluorographs of SDS-PAGE of 
im munoprecipitated antigens from cells cul tured in vitamin A-depleted 
medium (-RAJ and RA-supplemented medium (+RA). 
" Ratio based on the results using a different immune serum than 
used in preceding line. 
TABL E IL Effect of increasing amounts of retinoic acid on P antigen 
expression 
Amount. of RA added to cell cultures 
0 
P a nt ige n expression" .23 .68 .78 
a Arbitrary units based on relative densitometric scanning of fluo-
rographs. 
concentrations which a lso regulate the stage of differentiation 
of t hese cells. 
We show here that the expression of a specific cell glycopro-
tein, P antigen, is markedly decreased in well-differentiated 
cells cultured in vitamin A-depleted medium. This was dem-
onstrated both by indirect immunofluorescence and quantita-
t ive immunoprecipitation of t he antigen. In contrast to these 
findings with vitamin A-depleted human epidermal cells, when 
calcium is used to induce differentiat ion of mouse epidermal 
cells, P antigen synthesis is turned on [8] . The present study 
demonstrates that P antigen is not a marker of differentiation 
for keratinocytes, and that factors other than differentiation 
are required for its expression. 
Exactly why P antigen expression depends on the presence 
of RA is not clear. RA may directly modulate the synthesis of 
t he protein or, perhaps more likely, it may affect the glycosy-
lation of this cell membrane glycoprotein [25]. If glycosylation 
is necessary for immunoreactivity of the P antigen, then a 
decrease in normal antigen would be detected by t he methods 
used here. This a lteration in immunoreactivity might have 
implications for both the physiologic function of the P antigen 
and for the disease, in which antibody reactive with this antigen 
mediates t he pathology [2]. It is also possible that RA may 
select for cells that are capable of P antigen expression. Ot her 
reasons for decreased expression of P antigen appear less likely: 
Increased degradation of P antigen in the absence of vitamin 
A is possible, but BP antigen , laminin, and the keratins are not 
similarly affected, and no specific lower-molecular-weight frag-
ments are precipitated. We would expect some fragments to 
reta in immunoreactivity with the polyclonal antibody that is 
present in P sera. Decreased amounts of immunoprecipitated 
P antigen could a lso be due to decreased solubility of the antigen 
in the absence of vitamin A. This is unlikely because the 
immunofluorescence findings , which are not dependent on sol-
ubility , also suggest less immunoreactive antigen. Finally, we 
have shown that the absence of vitamin A does not simply 
cause t he antigen to be shed from the cell surface into the 
medium because it cannot be immunoprecipitated from the 
medium of t hese cells. 
It has been proposed that vitamin A may affect differentia -
tion, at least in part, by stabilization of the keratinocyte cell 
membrane [26,27] . In addition, retinoids cause increased des-
quamation of keratinocytes, a fact consistent with the morpho-
logic finding of widened intercellular spaces (28,29]. These 
observations suggest t hat retinoids may have important cell 
membrane effects on keratinocytes. Previous reports have 
shown that retinoids increase synthesis by keratinocytes of 
extracellular glycosaminoglycans, but have little effect on, or 
even depress, overall cell membra ne glycoprotein synthesis 
[30,31], a lthough retinoids may stimulate synthesis of specific 
cellular glycoprotei ns [32]. In addition, retinoids may be im-
portant for glycosylating epidermal cell membrane glycopro-
te ins [25]. The present study is the first to identify a specific 
cell surface glycoprotein, P antigen, that is modulated by RA. 
BP antigen, a basement membrane protein of stratified squa-
mous epithelia, is a lso affected by RA. Unlike P antigen, t here 
is not a major decrease in newly synthesized BP antigen im-
munoprecipi tated from extracts of keratinocytes cultured in 
vitamin A-depleted medium. However, in vitamin A-depleted 
cultures, BP antigen is seen at the base of the basal cell , 
corresponding to its in vivo location [24]. In contrast, in the 
RA-treated cultures, BP antigen is seen throughout t he cyto-
plasm of t he basal cell and does not seem to be transported as 
well to the basal surface. One postulated function of BP antigen 
is that it may direct proper epidermal different iat ion through 
basa l cell-substrate interaction [33]. Whet her this more normal 
transport of BP antigen to the basement membrane results in 
more normal differentiation of vitamin A-depleted cells re-
mains speculative. It should a lso be noted t hat the blisters seen 
in vitamin A-depleted cultures lacked BP antigen. Whether 
this has any functional significance or is simply a resul t of 
terminal differentiation is not known. 
Calcium, which has profound effects on keratinocyte differ-
entiation (34], a lso regulates BP antigen expression by mouse 
epidermal cells [8]. However, RA and calcium induce distinctly 
different types of differentiation. High medium calcium con-
centrations (1.2 mM) result in almost all cells terminally differ-
entiating. These cells synthesize little or no BP antigen. Simi-
larly, no BP antigen is detected in areas of extensive differen -
tiation in vitamin A-depleted cultures, which do, however, 
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synthesize BP antigen (seen in the less extensively differen-
tiated areas). 
The results demonstrated here show that RA modulates the 
expression of antigens specifically found in stratified squamous 
epithelia. An understanding of the regulation of the expression 
of various specific molecules by RA should ultimately aid in 
the comprehension of the retinoids' complex effects on differ-
entiation as well as their therapeutic value in various derma-
tologic diseases. 
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